US007985868B1

a2 United States Patent 10) Patent No.: US 7,985,868 B1
Bauer et al. (45) Date of Patent: Jul. 26, 2011
(54) HYBRID METAL ORGANIC SCINTILLATOR 2003/0004364 Al 1/2003 Yaghi 556/46
MATERIALS SYSTEM AND PARTICLE 2003/0148165 Al 8/2003 Muller 429/34
DETECTOR 2003/0222023 Al  12/2003 Mueller .. 210/656
2004/0265670 Al 12/2004 Muller 429/34
L 2005/0124819 Al 6/2005 Yaghi .. 556/148
(75) Inventors: Christina A. Bauer, Atlanta, GA (US); 2005/0154222 Al 7/2005 Muller 556/118
Mark D. Allendorf, Fremont, CA (US); 2005/0192175 Al 9/2005 Yaghi ...cocooovovinriniirirnnins 502/1
F. Patrick Doty, Livermore, CA (US); (Continued)
Blake A. Simmons, San Francisco, CA
Us) OTHER PUBLICATIONS
(73) Assignee: Sandia Corporation, Livermore, CA M. Mattesini; J. M. Soler; F. Yndurain; “Ab initio Stlldy of metal-
(US) organic framework-5 Zn40(1,4-benzenedicarboxylate)3: An assess-
ment of mechanical and spectroscopic properties”, Physical Review
(*) Notice: Subject to any disclaimer, the term of this B, 2006, vol. 73, No. 9, pp. 094111(8).
patent is extended or adjusted under 35 .
U.S.C. 154(b) by 1117 days. (Continued)
(21) Appl. No.: 11/800,136 Primary Examiner — Robert M Kunemund
(74) Attorney, Agent, or Firm — Timothy Evans
(22) Filed: May 4, 2007
57 ABSTRACT
Related U.S. Application Data We describe the preparation and characterization of two zinc
(60) Provisional application No. 60/856,210, filed on Nov. hybrid luminescent structures based on the flexible and emis-
1, 2006. sive linker molecule, trans-(4-R,4'-R') stilbene, where R and
R' are mono- or poly-coordinating groups, which retain their
(51) Int.CL luminescence within these solid materials. For example, reac-
C30B 29/06 (2006.01) tion of trans-4,4'-stilbenedicarboxylic acid and zinc nitrate in
(52) US.CL ... 549/529; 549/523; 549/531; 549/533;  the solvent dimethylformamide (DMF) yielded a dense 2-D
549/534; 549/536 network featuring zinc in both octahedral and tetrahedral
(58) Field of Classification Search ................. 549/529,  coordination environments connected by trans-stilbene links.
549/523. 531. 533. 534. 536 Similar reaction in diethylformamide (DEF) at higher tem-
See application file for complete search history. peratures resulted in a porous, 3-D framework structure con-
sisting of two interpenetrating cubic lattices, each featuring
(56) References Cited basic to zinc carboxylate vertices joined by trans-stilbene,

U.S. PATENT DOCUMENTS

5,648,508 A 7/1997 Yaghi ..o 556/9
5,973,328 A 10/1999 Hiller

6,617,467 Bl 9/2003 Muller

6,624,318 B1* 9/2003 Mulleretal. ............. 549/529
6,876,711 B2 4/2005 Wallace

6,893,564 B2 5/2005 Mueller ................... 210/502.1
6,929,679 B2 8/2005 95/90
6,930,193 B2 8/2005 556/46
7,105,832 B2 9/2006 Dai

analogous to the isoreticular MOF (IRMOF) series. We dem-
onstrate that the optical properties of both embodiments cor-
relate directly with the local ligand environments observed in
the crystal structures. We further demonstrate that these mate-
rials produce high luminescent response to proton radiation
and high radiation tolerance relative to prior scintillators.
These features can be used to create sophisticated scintillat-
ing detection sensors.
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